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Àííîòàöèÿ
Experimental data on piN sattering in the elasti energy region Tpi ≤ 250 MeV are
analyzed within the multihannel Kmatrix approah with effetive Lagrangians. Isospin
invariane is not assumed in this analysis and the physial values for masses of the involved
partiles are used. The orretions due to pi+−pi0 and p−n mass differenes are alulated
and found to be in a reasonable agreement with the NORDITA results. The results of our
analysis desribe the experimental observables very well. New values for mass and width of
the ∆0 and ∆++ resonanes were obtained from the data. The isospinsymmetri version
yields phaseshifts values similar to the new solution, FA02, for the piN elasti sattering
amplitude by the GW group based on the latest experimental data. While our analysis leads
to a onsiderably smaller (≤1%) isospinviolation in the energy interval Tpi ∼3070 MeV
as ompared to 7% in works by Gibbs et al. and Matsinos, it onfirms alulations based on
Chiral Perturbation Theory.
PACS numbers: 14.20.Gk, 24.80.+y, 25.80.Dj, 25.80.Gn
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I. INTRODUCTION
Lowenergy pionnuleon sattering is one of the fundamental proesses that test
the lowenergy QCD regime − the pion is a Goldstone boson in the hiral limit,
where the piN interation goes to zero at zero energy. This behavior is modified by
expliit hiral-symmetry breaking by the small masses of the up and down quarks,
Mu ≈ 5 MeV and Md ≈ 9 MeV [1℄. Sine quark masses are not equal, the QCD
Lagrangian ontains the isospinviolating term ∝ (Mu − Md). Calulations using
Chiral Lagrangians [2℄ and Chiral Perturbation Theory [3℄ predit isospinviolation
effets for the lowenergy pi±N elasti sattering and hargeexhange (CEX) re-
ations ∼ 1%. However, for the ase of the muh smaller pi0N elasti sattering,
isospinbreaking is ≈25%. Therefore, to observe the isospinviolation effets, par-
tiular experimental onditions are needed, where these effets are enhaned due to
kinematis or other reasons. One suh experiment is found in the ∆(1232) resonane
masssplitting measurement. In this ase, lose to the ∆(1232) resonane position,
the phaseshifts vary rapidly with the energy. Therefore, the small (≤1%) differ-
ene among the masses of the different isospinstates of the ∆(1232) resonane as
measured in different sattering hannels leads to signifiant differenes for the or-
responding phaseshifts. The usual proedure for extrating the ∆(1232) resonane
masssplitting from the data is in a phaseshift analysis [4, 5, 6, 7, 8℄, where the P33
partialwave amplitude from pi+p, pi−p, and harge exhange data are onsidered as
independent quantities. These phaseshifts were then fitted by a BreitWigner (BW)
formula to determine the orresponding resonane parameters. The disadvantage of
this proedure is in using isospinsymmetri quantities in a situation where isospin is
not onserved.
Two phenomenologial analyses of piN sattering data at lowenergies Tpi ∼30
70 MeV [9, 10℄ reported about 7% isospinviolation in the triangle relation":
f(pi−p→ pi0n) = f(pi
+p)− f(pi−p)√
2
. (1)
This is signifiantly larger than is predited in [3℄ and very important for the deter-
mination of the ∆(1232) resonane masssplitting, meaning that an isospinviolation
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ours in the bakground as well. But this onlusion is based on the rather old and
inomplete experimental data, espeially on the hargeexhange reation. Note, that
the analysis [9℄ used preliminary lowenergy pi± elasti sattering data [11℄, while in
the final form [12℄, these data were inreased by 10% in the absolute values and the
pion energies were dereased (shifted) by 1 MeV or more. In reent years, progress has
been made in this input  new highquality experimental data have been published
(see [13℄ for the uptodate database). In partiular, detailed experimental data on
pi−p → pi0n reation at very lowenergy are reported in [14℄. Several years ago, a
Kmatrix approah with effetive Lagrangians was developed [15, 16, 17℄ and found
to be in good agreement with all piN observables in the entire elasti energy region. In
the present paper, we modify this approah to estimate the isospinviolating effets
in the new lowenergy, Tpi ≤ 250 MeV, piN sattering database.
II. TREELEVEL MODEL FOR THE KMATRIX
The detailed desription of the isospininvariant version of the multihannel K
matrix approah used in this analysis an be found in [15, 16℄. It is assumed that the
Kmatrix, being a solution of the BetheSalpeter equation, an be onsidered as a
sum of the treelevel Feynman diagrams with the effetive Lagrangians in the verties.
Real part of the loops leads to renormalization of the mass and ouplings. We assume
that energy dependene of the vertex funtions in the restrited energy interval an
be aounted for by expansion of these funtion on power of invariants. This leads to
Lagrangians, whih ontain the derivatives of the fields. In [16℄, it was demonstrated
that suh approah work very well in isospinsymmetri ase up to Tpi ∼ 900 MeV.
Here we restrit ourselves the ∆resonane energy region Tpi < 250 MeV. Beause we
want to look for possible isospinviolation, we desribe piN sattering using the same
diagrams as in [15, 16℄, only in the hargedhannels formalism. We onfine ourselves
to pi±p and pi0n hannels to be able to ompare the alulations with the experimental
data. At the hadroni level, the pi+p sattering is a singlehannel problem and the
orresponding Feynman diagrams are shown in Fig. 1. The pi−p sattering inludes
twohannels, one due to the nonzero pi−p → pi0n reation. Feynman diagrams for
3
this amplitude are presented in Fig. 2. The same Lagrangians as in [15, 16℄ were
used in the alulations, but the oupling onstants are onsidered, in general, to
be different for the different hannels. The masses of the inoming and outgoing
partiles were taken as masses of the physial partiles from PDG [18℄. The masses of
the intermediate partiles an be different for different hannels as well and for the
∆(1232) resonane we determine masses of ∆++ and ∆0 from the fit of experimental
data. The interation Lagrangian, orresponding to the piNN vertex, has the struture
LpiNN = −
gpii,Nk,Nl
1 + xi,k,l
Ψkγ5
(
ixi,k,lpii +
1
mk +ml
γµ∂
µpii
)
Ψl + h.c., (2)
where i,k,l indexes mean pion, left, and right nuleon harged states. The vertex is
assumed to have both pseudosalor and pseudovetor parts with the mixing parameter
xi,k,l.
The interation Lagrangian, orresponding to the piN∆ vertex, reads as
LpiN∆ =
gpii,∆k,Nl
M∆k +m
Ψ
µ
kθµνTklΨNl∂
νpii + h.c., (3)
θµν = gµν −
(
Z∆k +
1
2
)
γµγν . (4)
Here, Tkl denotes the transition operator between nuleon and ∆isobar.We treat
the ∆ -isobar graphs in the most general manner; thus, onstants Z∆k and gpii,∆k,Nl
will be determined from our fit to the experimental data
The interation Lagrangian for the ρpipi vertex is put in the form
Lρpipi = −gρipikpilρµi (∂µpikpil − ∂µpilpik) (5)
and for the ρNN vertex
LρNN = −gρiNkNlΨk
1
2
(
γµρ
µ
i +
2κ
mk +ml
σµν∂
µρνi
)
Ψl + h.c. (6)
where κ is the tensor and vetor oupling onstant ratio. For σpipi and σNN intera-
tion, the following form of the Lagrangians are used:
Lσpipi = −gσpiipiipiipiiσ, (7)
LσNN = −gσNiNiΨiΨiσ. (8)
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Thus, for isospinsymmetri ase, we have seven free parameters: GVρ =
gρNNgρpipi
m2ρ
,
Gσpi =
gσNNgσpipi
m2σ
, κ, g2piNN/4pi, xpiN , gpiN∆, and Z∆. But futher we assume different
oupling onstants for different harged hannels, therefore, the number of free pa-
rameters will inrease.
The sattering amplitudes an be alulated as:
f(pi+p→ pi+p) = K˜pi+p
1− iK˜pi+p
, (9)
f(pi−p→ pi−p) = K˜pi−p − i(K˜pi−pK˜pi0n − K˜
2
pi−p→pi0n)
K˜pi−pK˜pi0n − K˜2pi−p→pi0n − i(K˜pi−p + K˜pi0n)
, (10)
f(pi−p→ pi0n) = K˜pi−p→pi0n
K˜pi−pK˜pi0n − K˜2pi−p→pi0n − i(K˜pi−p + K˜pi0n)
, (11)
f(pi0n→ pi0n) = K˜pi0n − i(K˜pi−pK˜pi0n − K˜
2
pi−p→pi0n)
K˜pi−pK˜pi0n − K˜2pi−p→pi0n − i(K˜pi−p + K˜pi0n)
, (12)
where, for example, K˜pi0n is the Kmatrix element for pi
0n → pi0n hannel multi-
plied by .m. momentum of the pi0n system to obtain the dimensionless sattering
amplitudes in Eqs. (912).
III. ELECTROMAGNETIC CORRECTIONS
In the analysis of the pionnuleon experimental data, the SU(2) isospin
symmetry is usually assumed. This implies that the masses of the isospinmultiplet
must be equal. However, the physial masses of the partiles are different. There are
two soures for this masssplitting: the eletromagneti selfenergy and the QCD
quark mass differene. The latter leads to isospinviolating effets in the strong in-
teration. Usually the influene of the mass differene on the pionnuleon sattering
amplitude is alulated together with the true eletromagneti orretions. The most
popular way to do this is the method of the effetive potential [19℄ and dispersion
relations [20℄.
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There are several reasons for using Kmatrix approah to alulate the mass dif-
ferene orretions (MDC) to the pionnuleon amplitude:
• Only the masssplitting of the external partiles (pions and nuleons) have
been taken into aount up to now. In the Kmatrix approah, orretions due
to mass differene of all partiles in the intermediate state an be alulated
expliitly.
• MDC ontributions dominate the struture of the total Pwaves orre-
tions [20℄. Therefore, it is important to estimate them by different methods
to obtain reliable results.
Let us start with pi−p elasti sattering. In general, the Smatrix for the harged
hannels has the form:
Sc =

 Spi−p ; Spi−p→pi0n
Spi0n→pi−p ; Spi0n

 . (13)
Timereversal invariane is assumed, thus, Spi−p→pi0n = Spi0n→pi−p. If SU(2)
isospinsymmetry is valid, then the unitarity matrix
Ut =
1√
3

 −
√
2 ; 1
1 ;
√
2

 (14)
an be used for the transformation of the Sc to the isospinbasis
SI = U
+
t ScUt. (15)
In this ase, the isospinhannels are eigenhannels, therefore, SI must be diagonal:
SHI =

 ηH1e
2iδH1 ; 0
0 ; ηH3e
2iδH3

 . (16)
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Here the index H means that quantities are alulated for eigenhannels. If isospin
symmetry is slightly violated, then the transformation (15) leads to nondiagonal ma-
trix elements. To be able to ompare the results with [20℄, we write the Smatrix for
this ase in the following form:
SI =

 η1e
2iδ1 ; 2
3
√
2(η13 + i∆13)e
i(δ1+δ3)
2
3
√
2(η13 + i∆13)e
i(δ1+δ3) ; η3e
2iδ3

 . (17)
Then, the orretions to the isospinsymmetri matrix SHI , apart from ∆13 and η13
are defined as:
δ1 = δH1 −
2
3
∆1 ; η¯1 = ηH1 − η1;
δ3 = δH3 −
1
3
∆3 ; η¯3 = ηH3 − η3. (18)
There are different ontributions to these orretions: due to eletromagneti in-
terations, masssplitting, nγ hannel, et. Here, we are only interested in the mass
splitting ontribution. In order to alulate it, the isospinsymmetri referene masses
have to be fixed. The onventional hoies arem =Mp for the nuleon,Mpi = Mpi± for
the harged pions, andM∆ = 1232 MeV is added for the ∆(1232) resonane. The pro-
edure of the alulations is as follows. First we use the Kmatrix with the physial
masses to alulate the Smatrix for the harged hannels Sc. Then, we transform Sc
to isospinbasis by matrix (14) and obtain the orretions ∆13, η13 and the quantities
η1, δ1, η3, and δ3. After that, we repeat the alulations with the isospinsymmetri
referene masses and obtain the values ηH1, δH1, ηH3, and δH3. Finally, the orretions
η¯1,∆1, η¯3, and ∆3 are found.
For the pi+p sattering, we use the onehannel form for the nulear Spi+p and the
hadroni SH matries (see [20℄ for the definition of the terms):
Spi+p = η
+
3 e
2iδ+
3 ; SH = η
+
H3e
2iδ+
H3 , (19)
and the similar formulae for the orretions:
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δ+3 = δ
+
H3 −
1
3
∆+3 ; η¯
+
3 = η
+
H3 − η+3 . (20)
We find that ontribution of the masssplitting effet on the inelastiity orretions
η¯1, η¯3, and η¯
+
3 is very small (less than 10
−4
) and an be negleted.
In Fig. 3, the most important ∆3 mass differene orretion for total angular
momentum J = 3/2 is presented (solid line) together with that from [20℄ (dashed
line). The ∆(1232) resonane masssplitting is not taken into aount in this figure,
as it was in [20℄. But it was found that ∆(1232) resonane masssplitting leads to
very large effet for the ∆3 orretion (this is the orretion to P33 phaseshifts).
The origin of that omes from the rapid variation of phase shift near the resonane
position. Therefore, the small hange in the∆(1232)mass orresponds to a large phase
shift differene. This ∆(1232) resonane masssplitting effet is not ontained in the
NORDITA [20℄ orretions. Therefore, if one wants to extrat hadroni isospin
symmetri amplitudes, based on the NORDITA proedure, one has to inlude the
∆(1232) masssplitting effet. If ∆(1232) masssplitting effet is not inluded, then
P33 phaseshifts determined from pi
+p and pi−p will be different [8, 20℄. These results
for other partialwaves are small and of the same order as true eletromagneti ones.
IV. DATABASE AND FITTING PROCEDURE
For a definite set of the oupling onstants and partile masses, the hadroni
part of the amplitude was alulated aording to graphs in Figs. 1 and 2. The
eletromagneti interation was added in order to ompare with experimental data.
We use the observed masses of the partiles, therefore, the eletromagneti parts of
NORDITA orretions were inluded only using isospininvariane relations. It was
found, however, that the latter do not affet the values of the extrated parameters
within the unertainties and an be negleted. In order to determine the parameters
of the model, the standard MINUIT CERN library program [21℄ was used. The
experimental data used here are those piN data whih an be found in the SAID
database [13℄. In the present work, we onfine ourselves to partialwaves with spin
1/2 and 3/2. Only for these an the Lagrangians be written in onventional"way
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(see disussion on Lagrangian for spin 3/2 partiles in [22℄). The inelasti hannels
are not inluded in the present version of the model; therefore, only the data below
Tpi = 250 MeV are used in the fit. In this energy region, there are no open inelasti
hannels and the S and P partialwaves give the dominant ontribution to the
observables. The small ontributions of the higher partialwaves were taken from
the partialwave analyses. The different partialwave analyses (KH80 [7℄, KA84 [23℄,
KA85 [24℄, SM95 [25℄, and FA02 [4℄) lead to similar results, and only the latest
FA02 solution was used in all further alulations. As a rule, the parameter values
obtained by fit have very small unertainties. Therefore, the main soure of these
unertainties omes from the database. To estimate it, we perform the fit in two
steps. First, we take all data in the first fit. Then remove the data points whih
give more than 4 in χ2 units (mainly from [12, 26℄)and perform a seond fit. The
number of suh points is about 2%. We take the differene in the parameter values
in these two fits as the unertainties of the parameter. It was found that rejetion
of more data leads to parameter values within the unertainties determined above.
Typially, a χ2 ∼ 1.5 was obtained. The largest ontribution to χ2 omes from pi−p
elasti sattering data.
V. RESULTS AND DISCUSSION
As a first step, and in order to redue the number of the free parameters, we assume
the oupling onstant entering the interation Lagrangians to be isospininvariant.
Thus, we have nine free parameters  seven for oupling onstants [15℄ and two for
M∆++ and M∆0 . The results for the oupling onstants were found to be similar to
those from [15℄ and are presented in the Table I. The value of g2piNN/4pi = 13.80 agrees
very well with the reent result g2piNN/4pi = 13.75 ± 0.10 from FA02 solution [4℄.
In order to determine the resonane parameters, we should assume some proedure
to separate the resonane and bakground ontributions to the amplitude. In general,
suh a proedure is somewhat arbitrary [27℄. The most popular way is to write the
BW formula for the sattering amplitude near the resonane position. For the one
9
hannel ase (pi+p sattering), this orresponds to defining the mass of the resonane
as the pole position of the orresponding Kmatrix. Indeed, lose to the pole the
Kmatrix has a form:
K(w) =
α2
w −M + β(w), (21)
where α and β(w) are a smooth funtions of the energy. Then in this region the
sattering amplitude obtains the BW form:
F (w) =
K
1− iqK =
α2 + β(w)(w −M)
w −M + iq[α2 + β(w)(w −M)] ≈
α2
w −M + iqα2 . (22)
Therefore, the width of the resonane is read as
Γ∆++ = 2 lim
w→M
∆++
(w −M∆++) qpi+Kpi+p. (23)
For the twohannel ase (pi−p sattering), the form of amplitudes (1012) is more
ompliated. But the situation an be improved using the eigenhannel representa-
tion. This means that we define the new hannel basis to transform the Kmatrix
into the diagonal form K
ech
= U+KU , where U is the unitary transformation matrix.
At the same time, the matrix of amplitudes also beomes diagonal. Only one hannel
ontains the resonane in this representation (see Appendix in [16℄ for details) with
the same pole position. For this hannel, the amplitude has a BW form as in the
onehannel ase. In order to alulate the width of the resonane, trae onservation
under unitarity transformations tr(Kech) = tr(K) is used. Therefore:
Γ∆0 = 2 lim
w→M
∆0
(w −M∆0)tr(Kech) = 2 lim
w→M
∆0
(w −M∆0)tr(K)
= 2 lim
w→M
∆0
(w −M∆0) (qpi−Kpi−p + qpi0Kpi0n) . (24)
In order to larify the proedure, let us onsider as an example the pi−p sattering,
when the isospin is onserved. The harged hannels are pi−p→ pi−p and pi−p→ pi0n.
So, the sattering amplitude is a 2 × 2 matrix. After transforming this matrix from
the hargedhannel basis to isotopi one, we get a 2× 2 diagonal matrix. Now only
one hannel with isospin 3/2 ontains the resonane (∆(1232)).
Our fitting proedure leads to reasonable values for masses and widths of the
∆(1232) isobar; these are presented in the Table II together with PDG data. It should
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be noted that all values from PDG were not obtained diretly from the data as in the
present work, but by using the results of the phase shift analyses for individual harged
hannels. Then, the resulting amplitudes (or remaining part of data as in [4℄) are fitted
by some simple BW formula. The graphs in Figs. 1 and 2 with ∆(1232) resonane
in the intermediate state give ontributions not to P33 partialwave only, but to
all other waves too. As a result, in the resonane region, we found the 1% isospin
violation in S31 and somewhat smaller in P31 partialwaves due to differene in the
∆(1232) masses. This was not aounted for in above proedure, but it is important
in determining the ∆(1232) width beause of the rather wide energy interval used in
the fit. This an aount for the large spread of Γ∆0 − Γ∆++ values in the Table II.
In our approah, the fit to different data ombinations ((pi+, pi−), (pi+, CEX), and
(pi−, CEX)) gives the same values for all parameters with slightly larger unertainties.
We obtain equal oupling onstants in all harged hannels (see below), therefore,
the differene in the ∆(1232) widths has two soures: the differene in phase spae
due to different ∆(1232) masses (this gives 3.7 MeV) and different masses of final
partiles in the ∆0 → pi0n and ∆++ → pi+p deays (this gives 0.9 MeV). We obtain
Γ∆0→pi0n/Γ∆0→pi−p = 2.024 instead of 2.0 for the isospininvariant ase. There is also
an additional ∼ 1 MeV ontribution to the ∆0 width from the ∆0 → γn deay,
whih is not inluded in present version of the model. In Refs. [5, 8℄, the quantities
δ++33 (w), δ
0
33(w), and η
0
33(w) via
f
3/2
pi+p(w) =
e2iδ
++
33
(w) − 1
2iqpi+
, (25)
f
3/2
pi−p(w) +
√
2f
3/2
pi−p→pi0n(w) =
η033(w)e
2iδ0
33
(w) − 1
2iqpi−
(26)
were determined from the experimental data. In Figs. 4 and 5, we ompare alulated
values for δ++33 (w) − δ033(w) and η033(w) with the results of Refs. [5, 8℄. As it is seen
from the figures, the agreement is very good up to W ≈1.3 GeV. As was found in [8℄
at higher energies, the differene δ++33 (w)−δ033(w) hanges sign. Suh behavior annot
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be explained within our approah. However, just at these energies an inelasti two
pion prodution proess opens; the differene in the pion masses is a probable soure
of this phenomena. In Fig. 6, the phaseshifts for the isospinsymmetri ase (masses
of all partiles were set to onventional values) are shown together with the results
of phaseshift analyses KH80 and FA02  our results are not in onflit with the
known phase shift analyses. In [28℄ a large disrepany between alulations based on
Chiral Perturbation Theory and results of phase shift analysis in Swaves was found
for Ppi < 100 MeV/. From Fig. 6 we see that there is no suh a disrepany in our
approah.
As a next step, we tried to allow some oupling onstants to be different for
different harged hannel. No statistially proved differenes in the gpi+NN , gpi−NN ,
and gpi0NN or other oupling onstants were found. It is interesting to note that all fits
give nearly equal values of gpiN∆ for all harged hannels with very small unertaintie,
less then 0.2%. In Fig. 4, the dashed line shows the results for δ++33 (w)− δ033(w), when
we inrease gpi+p∆ by 1% in omparison with the orresponding ouplings for the other
harged hannels.
To look for another soure for isospinbreaking, we add the ρω mixing to the K
matrix as in [29℄ but allow the mixing parameter Hρω to be free. The data show no
evidene for suh mehanism and the fit gives nearly a zero value for Hρω.
Thus, we did not find any isospinbreaking effets exept that due to the ∆ mass
differene. However, in Refs. [9, 10℄ a 7% violation of triangle relation"was found in
the analysis of the same data within the Tpi ∼3070 MeV energy region. Therefore,
following these works, we performed a fit to CEX data alone and then ompared
it with the results of the ombined fit of the pi+p and pi−p elasti sattering data.
We now look at the results for the Swave part f s of the sattering amplitude at
Tpi = 30 MeV. From the fit of the CEX data alone, we obtain f
s
CEX = -0.1751 fm,
whereas from the ombined fit f spi+,pi− = -0.1624 fm , whih implies a 7% violation
of the triangle inequality". This violation annot be explained by ∆(1232) mass
differene alone. The possible reason for suh a disrepany is the proedure itself. The
pi−p elasti and CEX are oupled hannels even if isospin is not onserved. Therefore,
some hanges in the CEX amplitude should lead to orresponding hanges in the
12
pi−p elasti sattering amplitude. This means that we annot fit CEX data separate
from the pi−p elasti data or inonsistent results ould be obtained. To demonstrate
this, we perform the individual fits to pi−p and pi+p elasti data. The results are: f spi+
= -0.1397 fm and f spi− = 0.1020 fm. These values lead to 2.4% violation of triangle
relation"only. This demonstrates that the above proedure is somewhat indefinite.
The only way to hek for isospinviolation is to ompare the results of the ombined
fit of pi−p elasti and CEX data with the orresponding quantity from pi+p data.
Doing this, we obtain f spi+ = -0.1376 fm, whih is in good agreement with f
s
pi+ =
-0.1397 fm from pi+p data alone, taking into aount the ≈ 1.0% unertaintie in the
amplitude.
The CEX data play an important role in the analysis. In Fig. 7, we ompared
our results with the very lowenergy hargeexhange reation ross setion data [14℄
(these data were inluded in the fit). In Fig. 8, the preditions of the model are
ompared with the reent Crystal Ball data taken at BNLAGS (these data are
not inluded in the fit) [30℄. The good agreement between alulations and data is
observed in both ases.
VI. CONCLUSIONS
The multihannel treelevel Kmatrix approah with physial values for partile
masses was developed. Isospinonservation was not assumed. Mass orretions to
phaseshifts due to partile mass differene were alulated and found to be in a good
agreement with NORDITA results. An isospinsymmetri version of the model leads
to reasonable agreement with the results of the latest phaseshift analyses. New values
for ∆(1232) masses and widths were determined diretly from the experimental data.
No statistially proved soures of isospinviolation exept ∆(1232) mass differene
were found. This is in a good agreement with reent alulations based on Chiral
Perturbation Theory [3, 28℄ . Coupling onstants gpiN∆ for all harged hannels were
found to be equal within 0.2%. A very good agreement with lowenergy CEX data [14℄
and reent Crystal Ball ollaboration [30℄ data was observed.
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Òàáëèöà I: Parameters of the model (the GVρ and Gσpi are given in GeV
−2
).
GVρ 44.7 ± 3.0
Gσpi 24.5 ± 0.7
κ 1.9 ± 0.40
g2piNN/4pi 13.8 ± 0.1
xpiN 0.05 ± 0.01
gpiN∆ 28.91 ± 0.07
Z∆ -0.332 ± 0.008
Òàáëèöà II: Masses and widths of ∆(1232) isobar (all quantities are given in MeV).
M∆++ M∆0 M∆0 −M∆++ Γ∆++ Γ∆0 Γ∆0 − Γ∆++
Present work 1230.55 ± 0.20 1233.40 ± 0.22 2.86 ± 0.30 112.2 ±0.7 116.9 ±0.7 4.66± 1.00
Koh et al. [7℄ 1230.9 ± 0.3 1233.6 ± 0.5 2.70 ± 0.38 111.0 ±1.0 113.0 ±1.5 2.0 ± 1.0
Pedroni et al. [6℄ 1231.1 ± 0.2 1233.8 ± 0.2 2.70 ± 0.38 111.3 ±0.5 117.9 ±0.9 6.6 ± 1.0
Abaev et al. [8℄ 1230.5 ± 0.3 1233.1 ± 0.2 2.6 ± 0.4 5.1 ± 1.0
Arndt et al. [4℄ 1.74 ± 0.15 1.09± 0.64
Bugg1 [5℄ 1231.45 ± 0.30 1233.6 ± 0.3 1.86 ± 0.40 114.8 ±0.9 116.4 ±0.9 1.6 ± 1.3
Bugg2 [5℄ 1231.0 ± 0.3 1232.85 ± 0.30 2.16 ± 0.40 115.0 ±0.9 118.3 ±0.9 3.3 ± 1.3
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èñ. 1: Feynman diagrams for the pi+p sattering.
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èñ. 2: Feynman diagrams for the pi−p sattering.
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èñ. 3: The ∆3 mass orretion. Solid and dashed lines represent results of the present
(NORDITA [20℄) work.
èñ. 4: Energydependene of the phaseshifts differene δ++33 (w)− δ033(w). Solid line shows
the result of the present work. The dashed line orresponds to the ase, when gpi+p∆ is
inreased by 1% in omparison with the orresponding ouplings for the other harged
hannels. Filled [8℄ and open [5℄ irles represent results of previous partialwave analyses.
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èñ. 5: Energy dependene of the inelastiity parameter η033(w). Solid line shows result of
the present work. Filled irles represent results (the unertainties are within the symbols)
from [5℄.
19
èñ. 6: The energy dependene of the S and P phaseshifts. Solid lines show results of the
present work. (a) S11, (b) S31, () P11, (d) P31, (e) P13, and (f) P33. The solid (open) irles
are the GW SAID singleenergy solutions assoiated with FA02 [4℄ (Karlsruhe KH80 [7℄,
the unertainties are within the symbols).
20
èñ. 7: The differential ross setions for the pi−p→ pi0n reation. (a) Tpi = 10.6 MeV, (b)
Tpi = 20.6 MeV, and () Tpi = 39.4 MeV. Solid line is the result of the present work. Solid
irles represent data from [14℄.
21
èñ. 8: The differential ross setions for the pi−p → pi0n reation. (a) Tpi = 64.1 MeV,
(b) Tpi = 83.6 MeV, () Tpi = 95.1 MeV, (d) Tpi = 114.7 MeV, (e) Tpi = 136.0 MeV, (f)
Tpi = 165.6 MeV, (g) Tpi = 189.4 MeV, and (h) Tpi = 212.1 MeV. Line represents preditions
of the present work. Solid irles are reent data from [30℄.
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À. Á. ðèäíåâ, È. Õîðí, Â. Ä. Áðèñêè, È. È. Ñòðàêîâñêèé
K-ìàòðè÷íûé ïîäõîä ê ðàñùåïëåíèþ ìàññû ∆− ðåçîíàíñà
è íàðóøåíèþ èçîñïèíà â piN ðàññåÿíèè ïðè ìàëûõ ýíåðãèÿõ.
Ýêñïåðèìåíòàëüíûå äàííûå ïî piNðàññåÿíèþ â óïðóãîé îáëàñòè ýíåðãèé
Tpi ≤ 250 ÌýÂ àíàëèçèðóþòñÿ â ðàìêàõ ìíîãîêàíàëüíîãî Kìàòðè÷íîãî
ïîäõîäà ñ ýåêòèâíûìè ëàãðàíæèàíàìè. Â äàííîì àíàëèçå íå ïðåäïîëàãàåòñÿ
èçîñïèíîâàÿ èíâàðèàíòíîñòü è äëÿ ìàññ ÷àñòèö èñïîëüçóþòñÿ èõ íàáëþäàåìûå
çíà÷åíèÿ. Âû÷èñëåííûå ïîïðàâêè çà ñ÷åò ðàçíîñòè ìàññ pi+ − pi0 è p − n
õîðîøî ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè NORDITA. Ïîëó÷åíî õîðîøåå îïèñàíèå
âñåõ ýêñïåðèìåíòàëüíûõ íàáëþäàåìûõ. Èç àíàëèçà äàííûõ îïðåäåëåíû íîâûå
çíà÷åíèÿ äëÿ ìàññ è øèðèí ∆0 and ∆++ðåçîíàíñîâ. Ôàçîâûå ñäâèãè piN
ðàññåÿíèÿ â èçîñïèíîâîñèììåòðè÷íîì ñëó÷àå áëèçêè ê íîâîìó ðåøåíèþ FA02
àçîâîãî àíàëèçà, ïîëó÷åííîìó â Óíèâåðñèòåòå Äæîðäæà Âàøèíãòîíà, è
îñíîâàííîìó íà ñàìûõ ñîâðåìåííûõ ýêñïåðèìåíòàëüíûõ äàííûõ. Íàø àíàëèç
ïðèâîäèò ê çíà÷èòåëüíî ìåíüøåìó (≤1%) íàðóøåíèÿ èçîñïèíà â èíòåðâàëå
ýíåðãèé Tpi ∼ 30−70 ÌýÂ, ÷åì 7% , ïîëó÷åííîå â ðàáîòàõ Gibbs è äð. è Matsinos,
è ñîãëàñóþòñÿ ñ ðåçóëüòàòàìè âû÷èñëåíèé, îñíîâàííûõ íà êèðàëüíîé òåîðèè
âîçìóùåíèé.
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